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Abstract  
An objective of this research is to test the brake power of Honda Model GX-120-four strokes-spark ignited engine. The producer 
gas was made from dry wood by the gasification process. The producer gas was used as a fuel for the engine. To study the effect 
of compression ratio and percentage of opened air inlet valve on break power, the compression ratio of 7.5:1 and 9.3:1 and 
percentage of opened air inlet valve of 30% and 75% were used. It was found that the brake power of compression ratio at 9.3:1 
with 75% of opened air inlet valve was 1,443.6 Watts at 3,800 rpm showed the highest break engine power because the high 
compression ratio was high, and the brake power was also high as the basic theory of an ideal Otto cycle. 
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1. INTRODUCTION 
Biomass is fuel that is developed from organic materials. It can be converted to other usable forms of energy 
such as methane like transportation, fuels like ethanol and biodiesel. There are 3 processes of biomass: First is a 
combustion process [1], second is a pyrolysis process [2] and third is a gasification process [3]. The most recently 
method to use biomass as fuel in Thailand is gasification process which converts biomass into combustible gas by 
using gasifier equipment. Generally, it is classified into 3 types of gasifier 1.upward draft gasifier, 2.downward draft 
gasifier and 3.cross draft gasifier that base on the direction of air/oxygen flow in the equipment. They are generated 
by the producer gas or syngas [4]. The modified spark plug engine is needed in order to use producer gas with a 
combustion engine. Many researchers used fuel such as hydrogen-ethanol fuel [5], natural-gas [6] and producer gas 
[7] with the spark plug engine, to study the brake power effect which used different fuels such as gasoline, producer 
gas with the engine to drive the water pump, and the brake power test was setup. The previous research showed that 
the efficiency of gasoline fuel was higher than producer gas [7]. The thermal efficiency was increased when the 
compression ratio was being increased refer from Ideal Otto cycle’s theory [8]. This concept was conducted in order 
to study the performance of the spark plug engine which used producer gas.  
The aim of this research studied the effect of compression ratio of single piston gasoline engine with utilizing 
the producer gas on brake power. This study was limited to modify the piston for increasing the new compression 
ratio.  
 
 
Nomenclature 
ܥܴ Compression ratio 
n   Engine speed 
bP  Brake power 
T  Torque 
cV  Volume of a clearance space 
sV  Stroke volume 
2. EXPERIMENT 
2.1. Experimental unit 
Figure 1 illustrates the updraft gasifier system and brake power test set. The updraft gasifier system was 
consisted of the updraft gasifier tank with 0.0793 m3 in volume, speed-adjustable blower, gas test valve, cover, fuel 
inlet tube, cooling coil tube, water tank with 0.078 m3 in volume, gas tank with 0.050 m3 in volume, engine gas 
valve, gas mixer, and HONDA GX120 gasoline engine. To prevent the corrosion which occurred inside the gasifier 
tank and fireproof cement was coated inside the tank. Gas mixer of the engine carburetor was replaced with a gas 
tube (from gasifier system) and was installed a valve between the carburetor and the air filter.  
Figure 2 shows a mechanism of the brake power test set which designed as a principle of rope brake. It was 
consisted of spring balancer, brake set, pulley and weight to increase the engine load. 
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Fig. 1 The schematic of the proposed updraft system to power a small engine for testing brake power.  
 
 
 
 
 
 
Fig. 2 The Honda model GX-120 engine with a mechanism of the brake power test set. 
 
2.2. Materials   
2.2.1 Compression ratio of engine  
This research focused on the compression ratio (CR) which effected to the brake power. The standard of 
HONDA GX120 gasoline engine (four stroke and spark ignited engine) was used. An ignition system was 
transistorized magneto. The engine which used gasoline as fuel showed the maximum output brake power 2,984 
Watt at 3,600 rpm. The engine bore was 60 mm of diameter and 42 mm of stroke. A standard compression ratio was 
7.5:1 [9].  
 
Pulley 
Spring balancer 
Weight 
Brake set 
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Figure 3 (A) shows the standard piston of HONDA GX120 gasoline engine with the compression ratio at 
7.5:1. Figure 3 (B) shows the modified piston with welding material on the top of piston in order to provide the 
compression ratio at 9.3:1 which was the highest compression ratio without damage to the sparking plug. 
 
 
                
 
                                                   Standard piston         Modified piston 
 
 
Fig. 3 The standard piston and the modified piston. 
 
2.2.2 Producer gas 
The 5 kg of dried wood was used in order to produce the producer gas which was the same quality with 
previous study [7]  
 
2.2.3 Position of air value 
Air inlet tube was 14 mm in a diameter. It conduced the air to the engine. In the procedure test, two of air 
inlet valve positions were chosen: 75% and 30%, for the proper mixing ratio determination between air and producer 
gas. The engine could work and got the high efficiency when a mixing ratio between air and gas yield was being 
appropriated.  
 
 
 
Fig. 4 The detail of air inlet valve. 
 
2.3. Experiment 
The experiments were conducted with two compression ratios and two opened air inlet valve position. The air 
was blown into the gasifier in order to burn the dry wood. Temperature inside gasifier was controlled by the amount 
of air inlet which regulated by the blower speed. The blower still worked until the high reached temperature inside 
gasifier and dry wood could convert into gas yield. After that the air inlet was controlled by an air inlet valve. The 
gas yield quantity was verified at the gas test valve and the gas valve. A hose connected the gas valve to the 
A diameter 14 mm 
A position of air inlet value 100% 
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HONDA GX120 engine. In the test procedure, the engine had been started and had been speeded up until it reached 
the maximum speed without load condition. After that the weight of 1 kg was placed on the brake power test set as 
the load of engine. The spring balancer was read and the engine speed data was measured with a digital tachometer 
(DT-240P). The weight 1 kg was added each time during the experiment. The experiment was stopped while the 
engine was low speed. The same experiments procedure of the next compression ratios and next positions of air 
value were repeated. The maximum engine speed with unload was controlled for each compression ratio with the 
same air inlet valve position before input the weight to the brake power test set. 
 
2.4. Theoretical considerations 
 2.4.1 Compression ratio, CR 
The compression ratio is expressed by Eq. (1) 
 
cV
cVsVCR
           (1) 
 
when  sV  is a stroke volume 
          cV is a volume of a clearance space. 
 
2.4.2 Brake power 
The brake power can be determined using 
 
TnbP S2           (2) 
 
when  bP  is a brake power 
            T is a torque 
           n  is an engine speed. 
 
3. RESULTS AND DISCUSSION 
 The compression ratios and the mixing ratio between air and producer gas which produced from dry wood were 
clearly affected on torque and brake power   while the engine load was being increased. Results will be explained 
more detail below. 
 
3.1. Brake power related to load 
Figure 5 shows the effect of compression ratio and changed air inlet valve position to the brake power 
which increased loads from 1 kg to 11 kg. The experiment showed that the position of air valve opened 75% with 
compression ratio at 9.3 was the highest brake power at 1,443.6 Watts with the engine revolution at 3,800 rpm. The 
standard engine with compression ratio 7.5:1 was the brake power at 1,101.7 Watts with the engine revolution at 
2,900 rpm. At the position of air valve opened 30% with compression ratio at 9.3:1 was the brake power at 436.8 
Watts with the engine revolution at 2,300 rpm. The standard engine with compression ratio 7.5:1 was the brake 
power at 369.6 Watts with the engine revolution at 1,500 rpm. 
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Fig. 5 Comparison brake power related to load of two compression ratios with two opened air inlet position. 
 
 
3.2. Torque related to engine speed 
The torques of each compression ratio and each air inlet valve position were decreased when the engine 
speed were being increased. The torque was 5.0 Nm with the compression ratio at 9.3:1 and 1,800 rpm of the engine 
revolution, and the torque was 3.9 Nm with the compression ratio at 7.5:1 and 2,400 rpm of the engine revolution. 
The results of two compression ratios with opened air inlet 30% found that the torques of both compression ratios at 
9.3:1 and 7.5:1 was decreased when the engine speed was being increased (show on Figure 6).    
 
3.3. Brake power related to engine speed 
The results of brake power were compared. The brake power of compression ratio 9.3:1 was higher than the 
compression ratio of 7.5:1 at the same opened air inlet position (show on Figure 7). These results are similar to the 
basic theory of an ideal Otto cycle. The increasing compression ratio is the most significant way to increase the 
thermal efficiency and the results are in agreement with previous research (Ahrenfeld et al. (2010)) [10] that show 
the electrical efficiency increased from 30 % to 34 % while the compression ratio was increased. Aina et al. (2012) 
[11] who tested the brake power and the changing of compression ratio, the brake power was increased when the 
compression ratio was being increased of 5:1 to 9:1 with a spark ignition engine by gasoline fuel. The results of 
opened air inlet positions at 75% and 30% with two compression ratios, the maximum engine speeds with unload 
were 4,500 rpm and 3100 rpm respectively. The possible reason in this research was limited air mixture with 
producer gas before send to the engine. The opened air inlet valve position at 75% was the maximum brake power at 
the compression ratio 9.3:1 was 1,443.6 Watt at 3,800 rpm and the compression ratio of 7.5:1 was 1,101.7 Watt at 
2,900 rpm. The opened air inlet valve position at 30% was the maximum brake power of the compression ratio 9.3:1 
was 436.8 Watt at 2,300 rpm and the compression ratio of 7.5:1 was 369.6 Watt at 1,500 rpm. 
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Fig. 6 Comparison torque related to engine speed of two compression ratios with two opened air inlet valve position. 
 
 
Fig. 7 Comparison brake power related to engine speed of two compression ratios with two opened air inlet valve position. 
  
4. CONCLUSIONS 
 The standard of HONDA GX120 gasoline engine was used with the compression ratio at 7.5:1. The piston was 
modified by welding the material on the top of piston in order to increase the compression ratio to 9.3:1.Both of the 
compression ratios were tested with the two air inlet valve positions at 75% and 30% with utilizing producer gas 
from dry wood. The experiments were tested by using the brake power test set in order to determine the brake 
power. It was found that the changing of compression ratios and positions of air inlet valve affected on the torque 
and brake power. The opened air inlet valve at 75% with unload was the maximum engine speeds 4,500 rpm and the 
opened air inlet valve at 30% with unload was the maximum engine speed 3,100 rpm. The compression ratio 9.3:1 at 
75% of opened air inlet valve was the brake power which was higher than the standard compression ratio 7.5:1. The 
position of air inlet valve at 75% with the maximum brake power of the compression ratio 9.3:1 was 1,443.6 Watt at 
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3,800 rpm and the compression ratio 7.5:1 was 1,101.7 Watt at 2,900 rpm. HONDA GX120 gasoline engine 
utilizing producer gas had to drive a machine load of 1443.6 Watt at 3,800 rpm.  
 
Acknowledgements 
Foremost, the researchers would like to express our sincere gratitude to the Department of Mechanical 
Engineering, Faculty of Engineering, Rajamangala University of Technology Lanna Tak for all of facilities. Our 
sincere thanks also go to University of Technology Lanna (Thailand) for the financial support of RMUTL Hands-on 
Research Project. 
References 
[1] Mason, P.E.,  Darvell , L.I., Jones , J.M., Pourkashanian, M. and Williams,  A. Single particle flame-combustion studies on solid biomass 
fuels. Fuel, 2015, 151, pp. 21–30. 
[2] Sharifzadeh, M., Richard, C.J., Liu, K., Hellgardt, K., Chadwick, D. and Shah, N. An integrated process for biomass pyrolysis oil 
upgrading: A synergistic approach. Biomass and bioenergy, 2015, 76, pp. 108-117. 
[3] Machin, E.B., Pedroso, D. T., Proenza, N., Sivaira, J.L., Conti, L., Braga, L. B. and Machin, A.B. Tar reduction in downdraft biomass 
gasifier using a primary method.  Renewable Energy, 2015, 78, pp. 478-483. 
[4] Reed, T.B. and das, A. Hanbook of biomass downdraft gasifier engine systems. A Division of Midwest Research Institute, U.S. 
Department of Energy, 1988. 
[5] Yousufuddin, S., Venkateswarlu, K. and Sastry, G. R. K. Effect of compression ratio and equivalence ratio on the emission characteristics 
of a hydrogen – ethanol fuelled spark ignition engine. International Journal of Advanced Science and Technology, 2012, Vol. 40, pp. 91-
100. 
[6] Zheng, J.J., Wang, J.H., Wang B. and Huang, Z.H. Effect of the compression ratio on the performance and combustion of a natural-gas 
direct-injection engine. Proc. IMechE Part D: J. Automobile Engineering, 2009, Vol. 223, pp. 85-98. 
 [7] Chanpeng, W. and Chunkaew, P. Comparative performance of updraft-gasified gas yields and 
gasoline fuel for water pumping. Energy Procedia, 2014, Vol.  56, pp. 498 – 504. 
[8] Pulkrabek, W.W. Engineering fundamentals of the internal combustion engine. University of Wisconsin, Prentice Hall Upper Saddle 
Rever, New Jersey 07458. 
[9] Honda Motor Co., LTD. Owner’s manual of Honda GX120, 1990 [On-line serial], Retrieved March 19, 2015, Available: 
http://cdn.powerequipment.honda.com/engines/pdf/manuals/31ZH7600.pdf 
[10] Ahrenfeld, J., Foged, EV., Strand, R., Rune, S. Henriksen, UB. Development and test of a new concept for biomass producer gas engines. 
Risø-R-1728 (EN). Denmark: Technical University of Denmark, 2010, pp. 1-35. 
[11] Aina, T., Folayan, C.O. and Pam, G.Y. Influence of compression ratio on the performance characteristics of a spark ignition engine. 
Advances in Applied Science Research, 2012, Vol. 3 (4), pp. 1915-1922. 
 
